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Introduction
The Internet of Things (IoT) which is defined as the "digitization of machines, vehicles, and other elements of the physical world" (Manyika et al., 2015, p. 14) has received enormous attention from academia and various industries over the past decade. It is growing at an exponential rate as the internet is engaging people in various technologies embedded in smart devices, and the IoT is bringing fundamental changes in economic, environmental, healthcare, social and political realms in the developing world (Kshetri, 2017a) . The term Internet of Things came into existence in 1999 when Ashton (2009) coined the term to describe the "globally emerging Internet-based information service architecture" (p. 98). Ashton conceived that, if all objects in daily life were equipped with identifiers and wireless connectivity, these objects could communicate with each other and be managed by computers, without human oversight. These everyday objects include not only electronic devices and technologically advanced products, such as equipment and gadgets, but also "things" that are not normally thought of as electronic at all. It covers any real-world objects, such as food, clothing, furniture, materials, parts and equipment, merchandise and specialized items, landmarks, monuments, works of art, and all the miscellany of commerce, culture and sophistication (Kosmatos et al., 2011) . The technologies required for this are radio frequency identification (RFID) tags for tracking objects, low-power sensors for gathering data on everything from temperature and air quality to footsteps and motion detection, and finally, low-power actuators that can switch anything on and off -things such as lights, heating and air conditioning systems and video cameras (Zaslavsky et al., 2012) . Inside a network, the IoT is used with various combinations of protocol, to improve effectiveness of user request, good responsiveness, efficiency, low power consumption, longer bandwidth and robust bidirectional communication for long-range purposes. The goals of the IoT are to enable things to be connected anytime, anyplace, with anything and anyone, ideally using any path or network and any service and to help avoid problems by making human life simpler, smarter and integrated. Looking at the economic value generated by these technologies, it is clearly observed that the IoT has a total potential economic impact of $3.9 to 11.1tn a year by 2025 in nine settings, namely:
(1) home (chore automation and security); (2) offices (security and energy); (3) factories (operations and equipment optimization); (4) retail environments (automated checkout); (5) worksites (operations optimizations/health and safety); (6) human (health and fitness); (7) outside (logistics and navigation); (8) cities (public health and transportation); and (9) vehicles (autonomous vehicles and conditioned-based maintenance) (Manyika et al., 2015) .
The emergent field of the IoT has been evolving rapidly with geometric growth in a number of scientific publications in numerous fields. In recent years, researchers have attempted to review the literature on the IoT through survey papers focusing on its vision and applications in various domains (Borgia, 2014; Gludice, 2016; Madakam et al., 2015) , namely, architectures, protocols and fundamental technologies for realizing the IoT (Madakam et al., 2015; Sethi and Sarangi, 2017) , and characteristics, tools and opportunities EL 36,6 (Debasis and Jaydip, 2011; Russo et al., 2015) , as well as its integration with security requirements (Roman et al., 2011; Shancang et al., 2016) . However, the best instrument in social sciences research for systematic analysis of research trends and publication output of any subject, author, institution and country is bibliometrics. The study by Mishra et al. (2016) was the first to review the literature on the IoT using bibliometrics and network analysis techniques to map the scientific research growth of this subject area. The study is unique, as it spans a long time period of 16 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and it systematically analyses the top contributing authors, key research topics related to the field, the most influential works based on citations and PageRank and established and emerging research clusters. It also proposes a five-cluster classification of research themes that may inform current and future research on the IoT. However, Mishra et al. (2016) focussed on only vision and applications of the IoT which they identified as a limitation of the study, and they recommended that scholars explore various other aspects of this topic.
This paper reviews the literature of the IoT in the past five years using rigorous bibliometrics and network analysis tools, offering at the same time future directions for the IoT research community and implications for researchers, practitioners, managers and decision-makers. Special attention was paid to explore collaboration, productivity and impact in the IoT literature.
Materials and methods
The current research is based on the global publication data on the IoT retrieved from Elsevier's SciVerse Scopus database, which is the largest and the most comprehensive global abstracts and citation database, covering more than 22,000 peer-reviewed journals from over 5,000 publishers in the fields of science, technology, medicine, social sciences and arts and humanities. It also has many important features that facilitate bibliometrics analysis as numerous studies have been done using this database.
"Internet of Thing*" or "IoT" or "Internet of Everything*" or "Web of Thing*" were used as the string of terms to search titles and keywords, and all the pertinent IoT literature from 2011 to 2016 were retrieved. Data were collected in July 2017. To increase the accuracy of the search, documents classified as errata, or books or book chapter or un-defined type of documents were excluded, and, therefore, this study is restricted to documents that are considered research articles. Based on the search strategy implemented, a total of 13,725 peer-reviewed publications were retrieved from Scopus. Subsequently, the data were extracted in a Microsoft Excel spreadsheet to provide the input for further analysis using Elsevier's subscription-based research performance assessment tool, SciVal, which uses data from Scopus. The retrieved articles were analysed based on the following attributes: publication trend; authorship patterns; contributing authors; contributing countries; contributing institutions; subject area of publications; publication venues; highly cited publications; and highly mentioned publications on social media platforms.
Mapping worldwide research on the Internet of Things
Careful verification and editing of data were performed. Authorship patterns were assigned to publications according to the affiliations of authors. Co-authorship is a measure of scientific collaboration. Single authorship was assigned to a paper if no research collaboration was found. International collaboration was assigned if a paper was written by authors affiliated with institutions from more than one country. Papers published with the involvement of two or more institutions from the same country were assigned as national collaboration. Moreover, papers written by more than two researchers affiliated with a single institution were considered as institutional collaboration. The publication productivity and impact indicators used in the study are as below:
Total publications ( 
Field-weighted citation impact (FWCI):
The number of total citations received divided by the total citations expected, based on the global average for the field. A score of more than 1.00 means that citations received by the studied entity are more than expected and vice versa (SciVal, 2014) . Source normalized impact per publication (SNIP): SNIP measures actual citations received relative to citations expected for the journal's subject category. It is the mean ratio of a journal's citation count and the citation potential for the journal's subject category (Scopus, 2016) . Scopus, 2016) . SCImago journal ranking (SJR): SJR expresses the average number of weighted citations received in the selected year by the documents published in the selected journal in the three previous years. It shows a journal's quality in terms of the number of citations received and the quality of the citing journal (Scopus, 2016) .
To provide a visual framework of the global IoT research, a science overlay map, a technique introduced by Rafols et al. (2010) , was generated. This technique provides an impression of the diversity of contributions from different subject categories for a given research field. The Pajek software (Version 4.10) is used to generate the science map.
To capture the impact of the IoT-related research on the social web, Altmetric Explorer, a product from Altmetric LLP, was utilized. Altmetric.com is the most comprehensive source of social media data that tracks, analyses and collects the online activity of scholarly output from a wide selection of online sources (Robinson-Garcia et al., 2014) . Some advantages of altmetrics were mentioned by Costas et al. (2015) . A list of digital object identifiers (DOIs) of the IoT publications was extracted from Scopus and searched in Altmetric Explorer. Papers that did not have DOIs were excluded from the analysis. As a result, 1,470 articles with valid EL 36,6
DOIs were found using Altmetric Explorer. Social media presence and altmetric scores of these articles were extracted into a Microsoft Excel spreadsheet for further investigation. The altmetrics data collection was performed during July 2017.
Results
Publication trend of the IoT and research collaboration through co-authorship patterns Figure 1 shows the year-wise distribution of publications over the studied time span. An increasing trend was observed in the number of output over 2011-2016 in total publications as well as four authorship patterns. The number of publications on the IoT, as covered by Scopus, increased nearly sevenfold from 747 in 2011 to 4,989 in 2016. The average number of publications per year was 2,287.5. It is apparent from Figure 1 that scientific output has significantly increased in 2016 compared to 2015 indicating that the IoT received more attention from the scientific community.
Results of the study showed that the majority of publications were authored jointly by two or more authors (12,241 out of the total 13,725 publications) while single-authored publications constituted 10.8 per cent. Institutional, international and national collaborative papers accounted for 58.1, 18.1, and 13.0 per cent of total publications, respectively. The CPP in terms of diverse types of authorship was also studied. Internationally co-authored publications showed the greatest impact based on CPP (4.2), followed by nationally coauthored (2.8), institutionally co-authored (1.9) and single-authored (1.3) publications.
Contributors of IoT research at the micro level: authors
The contribution of the most prolific authors in IoT research was studied. A total of 31,436 authors contributed to the 13,725 publications on the IoT during 2011-2016, with the mean number of authors per document being 2.29. Among these authors, only 228 (0.72 per cent) have produced ten or more publications. Results revealed that a few highly productive authors contributed to most of the publications. Table I presents a list of the 17 researchers who authored 22 or more publications along with their affiliated country, total citations (TP), citations per paper (CPP), field-weighted citation impact (FWCI) and h-index. Skarmeta with 77 publications is the most prolific IoT researcher during the studied time span. Jara appeared in the second position and Atzori and Xu in the third, with 75 and 32 publications, respectively. The rankings changed when total number of citations, CPP and h-index are Mapping worldwide research on the Internet of Things considered. For instance, Xu, third by total publications, drops to ninth rank for FWCI while rising to the top rank for CPP. Five out of the 17 most productive authors are affiliated with Italian institutions. The rest include two researchers from Australia, the UK and France, and one researcher each from the USA, Austria, Switzerland, India, Portugal, China and Spain. Table II shows the most prolific institutions in terms of scientific output. Also shown in Table II Beijing University of Posts and Telecommunications published 1.8 per cent of the total number of articles (n = 244), followed by the Chinese Academy of Sciences (n = 127, 0.92 per cent) and Tsinghua University (n = 99, 0.72 per cent). However, the Institute of Computing Technology, Chinese Academy of Sciences ranked first when CPP was considered (TP = 70, TC = 1186, CPP = 16.9). Looking at the FWCI, Tsinghua University and Beihang University showed the highest value among the top 20 intuitions (4.85). On the other hand, the opposite is seen for Beijing Jiaotong University, for which the FWCI is the lowest value at 0.62 (Table II) .
Contributors of IoT research at the meso level: institutions

Contributors to IoT research at the macro level: countries
The geographic distribution of the IoT-related research as measured by share of world countries was analysed. In total, 115 countries contributed to IoT research during 2011-2016 which makes an average of 119.3 papers per country. Five out of the seven of the major industrialized nations of the world (G7), the USA, Italy, the UK, Germany and France, were in the top ten countries. Moreover, BRIC countries (Brazil, Russia, India and China) all had notable contributions in IoT research. Looking from the perspective of the total number of citations, the top countries slightly change the order as follows: China (9,569), the USA (6,547), Italy (4,174), Spain (3,024) and the UK (2,902). With regard to the CPP, scientific output from Australia topped the list (7.9), followed by Spain (6.04) and Italy (4.99). Italy (3.91) and Finland (3.43) were the top two countries with the highest FWCI value, indicating that their citation impact were considerably higher that the global average. 
Subject orientation of IoT research
The top 15 subject categories according to the number of publications that represents the subject orientation of IoT research are depicted in Table IV , detailing the total citations, citation per paper, and field-weighted citation impact of each subject area. Findings revealed a total of 208 subject categories in Scopus contributed to publications on the IoT. Among them, the highest proportion of articles are in the following subject categories: computer networks and communications (5,612), electrical and electronic engineering (2,701) and computer science applications (2,496). Considering broad subject areas, computer science (n = 9,998, 72.84 per cent), engineering (n = 5475, 39.9 per cent) and mathematics (n = 1,578, 11.5 per cent) appear as the top three areas participating in IoT research. The total citations received by papers published in each subject area was further observed, with computer networks and communications publications cited the most at 13,951 citations, accounting for 43.3 per cent of all citations. The IoT-related papers published in hardware and architecture journals have the highest CPP value of 4.47. The highest FWCI value was observed in hardware and architecture (2.88), followed by information systems and management and computer science applications with values of 2.47 and 2.39, respectively. Figure 2 overlays the subject area of the 13,725 IoT publications on a base map of science. In this map, nodes represent subject categories and arcs indicate the degree of similarity between subject categories, with darker links indicating stronger similarity. Moreover, the size of each node is proportional to the number of publications in that category. The labels and colours in Figure 2 display macro-disciplines obtained using factor analysis of the similarity matrix of subject categories (Rafols et al., 2010) . What can be seen in Figure 2 is the location of the topic of IoT research on the global map of science. It depicts that although many disciplines contribute to the field of the IoT, computer science and engineering have the highest contribution, indicating the importance of these subject categories in IoT research.
Journals contributing to IoT research
Analysis of the publication venues of IoT research was another objective of the current study. Table V lists the top 15 core journals that published the highest number of articles on the IoT, total citations and mean citations received, number of authors of these articles, 
Highly-cited articles in IoT research
On average, each publication on the IoT attracted 2.3 citations, but this is a skewed distribution in which a small proportion of publications received a large amount of citations. While the most influential article has been cited 987 times, 65 per cent of the total publications have never been cited. In all, the ten highly cited articles attracted 3,763 citations which constitute 27.4 per cent of all citations received by the IoT publication. The ten most highly cited papers on the IoT are displayed in Table VI . For each paper, the first author, publication year, journal name and number of total citations are also provided. The most cited article is a paper by Gubbi et al. (2013) , entitled "Internet of Things (IoT): A (11) and Shanghai Jiaotong University (10).
Highly mentioned IoT research on social media platforms The Web presence and attention received by articles on the IoT in online tools and social media was also investigated using altmetric data. Figure 3 shows the top ten highly mentioned journal articles based on their altmetric score. Altmetric score measures the Mapping worldwide research on the Internet of Things quantity of attention a publication has received from various online and social media tools. The higher this measure is, the more attention received by that publication on the social Web. The number of notices received on various social media sites and the altmetric badge (donut) for each paper was also provided in Figure 3 . The colours of the donuts represent different sources of attention: for example, blue for Twitter, yellow for blogs, red for news and so on. Results revealed that only 6.8 per cent of publications in the field of the IoT were mentioned on social media platforms at the time of data collection of the current study. In other words, 943 out of the total 13,725 publications have received 4,599 mentions in 12 sources of attention, of which Mendeley makes up the highest share, followed by Twitter, Facebook, news sites, Googleþ and Wikipedia. There were 934 articles with at least one reader in Mendeley, 785 with at least one tweet in Twitter, and 161 with at least one post in Facebook. On the contrary, only 44, 41 and 14 articles were mentioned in Wikipedia, Googleþ and on blogs, respectively. The highest altmetric attention score was 145 for an article entitled, "On the Internet of Things, smart cities and the WHO healthy cities" by Boulos and Al-Shorbaji published in the International Journal of Health Geographics. This article was also the most tweeted document with 231 tweets.
Discussion and conclusions
Using scientific output from the Scopus database, this paper has provided a comprehensive overview of the characteristics of IoT research. Results of the study showed that, during the past six years (2011-2016), 13,725 documents were published by 31,436 authors affiliated with 115 countries. There was a continuous increase in the number of publications per year, with a 6.7-fold rise in the number of publications over the period from 2011 to 2016. The highest share of research output was published in 2016 with 4,989 documents. There was a great diversity including 26 out of the 27 Scopus subject areas in IoT research. However, the main subject area in which research on the IoT was conducted was computer science, accounting for more than 72 per cent of total publications. Articles published in the top 20 journals made 20.7 per cent of the total publications studied in this journal. The rest of the publications appeared in a variety of journals and conference proceedings indexed in Scopus. Studying the authorship patterns of IoT-related research showed that more than 89.2 per cent of total publications were the result of collaborative efforts, while individual publications constitute only 10.8 per cent. Institutional collaboration was the most prevalent authorship pattern which accounted for 58.1 per cent of total publications, followed by international collaboration (18.1 per cent), national collaboration (13 per cent) and individual authorship (10.8 per cent). The production of scientific papers on the IoT during the past six years was greater in the Asia-Pacific region than in Europe and North America. IoT research in Asia-Pacific was responsible for almost 53 per cent of the world scientific production.
There are a total of 13,725 IoT publications originating from 115 countries, varying in number from 3,967 documents (28.9 per cent) for China to only one each from 25 countries. Countries that highly contributed to IoT research after China were the USA (11.9 per cent), India and Italy (6.1 per cent) and South Korea (5.8 per cent). The most contributions to IoT research came from the Beijing University of Posts and Telecommunications with 244 publications, followed by the Chinese Academy of Sciences with 127 and Tsinghua University with 99 publications. In total, 10 out of the top 20 most-productive institutions were located in China. China is experiencing rapid diffusion and adoption of IoT-related products and services compared to other industrialized countries (Kshetri, 2017b) and has demonstrated an improving trend in IoT-related patent activities (GBTimes, 2015) compared to the USA (UK Intellectual Property Office, 2014). The Chinese industries, with the technologies and expertise provided by foreign multinationals, as well as national initiatives to support research on IoT, have also capitalized on a huge user base to develop IoT-based applications (Kshetri, 2017b) . All these may provide a plausible explanation for China's outstanding performance in IoT research output.
The results showed that the presence of IoT research in the social Web is still low, with 6.8 per cent of the total publications presenting some altmetric activity. This result is consistent with that of Costas et al. (2015) who found that only 7 per cent of all the papers in the Web of Science received some altmetric score. The source providing the most altmetric scores is Mendeley with 6.8 per cent of all publications with at least one bookmark, followed by Twitter (5.7 per cent) and Facebook (1.2 per cent). The findings of the current paper may help researchers understand the performance of IoT research from across the world, and suggest directions for further research. This study was limited to only the Scopus citation database as the data source. While the search methodology aimed to be as inclusive as possible, it is acknowledged that it may not have captured all scientific publications on the IoT. More research is needed to examine scientific output appearing in other databases, such as Clarivate Analytics' Web of Science or subject databases.
